Nodules from leguminous plants will continue to fix N2 into acid extractable compounds for several hours after they have been excised from the roots. The capacity of nodules to fix N2 is decreased twoto five-fold by slicing and is abolished by grinding the nodules (2). The decrease in nitrogen fixation which accompanies slicing of the nodules and suspending them in buffer or nutrient solutions has been attributed to the leaching of essential compounds from the slices. Attempts to restore the N2-fixing capacity of sliced nodules by the addition of nodule extracts, indoleacetic acid, ascorbic acid, cysteine, glutathionie, citrate, succinate, Versene or vitamins have been unsuiecessful (2, 11). Virtanen et al (20) observed that if pea plants were kept in the dark before their nodutiles were harvested, the capacity of the excised nodules for N2 fixation dropped considerably; upon returning the plants to light, the N2 fixation of their excised nodules increased to a level intermediate between the dark and light conditions. These experiments, and the earlier experiments of Lindstrom et al (10), clearly established the importance of photosynthetic products for N2 fixation.
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Vernon and Aronoff (19) have employed C14 to study the products translocated in soybeans; they found that sucrose was translocated most rapidly and carried the greatest concentration of C'4. Nelson and Gorham (13, 14) added labeled sugars to soybean plants and followed their movement through the plants; translocation was much more rapid in the (lark than in the light. They also suipplied C1402 and found that products of its fixation were distributed throughout the plant within three hours. Sen and Leopold (17) studied the light and dark fixation of C1402 in Biloxi soybean. They observed a rapid depletion of sugars and a rise in organic acids and amino acids in the leaves in the dark.
In the present work, C1402 was furnished to photosynthesizing soybean plants, and the photosynthetic products whicil were translocated to the roots were detected by their radioactivitv. This paper reports the results of these experiments and the effect observed on N2 fixation by nodule slices when rapidly photosynthesized and translocated sugars were added to media in which the slices were bathed. hours; the bell jars were cooled by flowing water over them. After removal of the bell jars, the plants were allowed to photosynthesize normally for the remainder of the day (day plants), and some plants were not harvested until the following morning (night plants).
HARVESTING, EXTRACTION AND FRACTIONATION PROCEDURES: The root and nodule tissues were separated, and then each sample was treated in a Waring blendor to facilitate subsequent extraction with boiling 70 % ethanol. The insoluble matter was removed by centrifugation, and the clear yellow-green extracts were concentrated under vacuum. A second sediment, which separated during concentration, was discarded. A primary fractionation into amino acids, organic acids and neutral compounds was accomplished with ion exchange resins. A 10x80 mm column of Dowex-50(H+) held the amino acids; these were eluted with 6 N HCl. The water effluent from the Dowex-50 column was passed through a 15 x 30 mm column of Amberlite IR-45 (OH-); this retained the anionic compounds (largely organic acids and phosphate esters) which later were eluted with 1 N NH40H. The material that was not held on either column will be referred to as the "neutral fraction."
The organic acids were separated by the method of Lieberman (9) on a 14 to 15 mm inside diameter column containing 8 g of Mallinckrodt's analytical reag,ent 100-mesh silicic acid carrying 5.4 ml of 0.5 N sulfuric acid (aqueous phase from 475 ml chloroform, 25 ml n-butanol and 20 ml 0.5 N sulfuric acid) as the non-mobile phase. The creasing the polarity of the solvent by adding 40 % butanol-60 % chloroform (150 ml n-butanol equilibrated with 300 ml chloroform and 20 ml 0.5 N sulfuric acid; the aqueous phase was discarded and 50 ml butanol was added to under-saturate the solvent with the non-mobile phase). A 125-ml suction flask containing 85 ml of the 5 % solvent served as a mixing vessel, and the 40 % solvent was added from a reservoir by air pressure.
The organic acids also were identified by cochromatography with knowns on columns of Dowex-1 in the formate form as described by Busch et al (5) . The sugars in the neutral fraction were separated as their borate complexes by the method of Khym and Zill (8) and Zill et al (22) . Hexoses and polyhexoses were estimated with an anthrone reagent (12) , whereas pentoses were determined with an orcinol reagent (3 (2) . Table I gives the percentage total and relative specific radioactivities of the leaves, stems, roots and nodules of the plants which were exposed to 5 mc C1402. One half of the plants in this experiment were harvested just after sunset (10 hours after the beginning of the exposure to C1402) and are referred to as the day plants. The and have less woody tissues than the roots. The specific activity of the leaves decreased somewhat from day to night while that of the stems increased. This couldl arise from translocation of the C14-labeled material from the leaves. The specific activities of the roots and nodules also decreased during the night, possibly because their C14-labeled compounds were oxidized to C1402 in preference to their structural, unlabeled carbon compounds.
RESULTS AND DISCuSSION
Investigation of the roots and nodules was directecl chiefly at establislhing the similarities and differences between the distribution of the C14 in these tissues, and particularly the changes in these distributions which occur during a dark period. It was hoped that these comparisons might give some indication concerning the natuire of the factors which limit fixation of N2 in darkened plants relative to plants which are photosynthesizing actively. Table II gives the distribution of C14 among the various fractions from the roots and nodules of the day and night plants as percentages of radioactivity applied to the Dowex-50 and Amberlite IR-45 columns in series. The table reveals interesting differences in the total Ct4 found in organic acids and amino acids. During the day, the organic acids in the roots had nearly twice the percentage of the total C14 found in the amino acids, whereas, the amino acids in the nodules had almost twice the percentage C14 of the organic acids. After changes had occurred during the night, the percentage C14 decrease(l substantially in the organic acids from the roots but remained relatively constant in the amino acid fractions; in the nodules the organic acids increased in percentage C14 about 2.5 times during the night, while the percentage of total C14 in the amino acids decreased to less than half of its day value. The proportional changes in the neutral fractions were much smaller, although the absolute changes were comparable.
Virtanen et al (20) reported that fixation of N2 by the nodules slows down when the plants are kept in the dark. The observation that the percentage of the total C14 in free amino acids decreases during the night suggests that the preformed amino acids are incorporated into protein, and little N2 is fixed in the dark to replenish the supply of free amino acids. Under such conditions one might expect the organic acids to accumulate in the nodules at night, when N., fixation is limited, and to be converted to the amino acids only as new N2 is fixed. Although it would be logical to assume that fixation of N2 at night might be lilnited by lack of suitable nitrogen acceptors, it seems clear from the indicated abuindance of total organic acids, that their lack cannot be responsible for decreased fixation. It remains possible that a specific organic acid may have been depleted while the total acids increased. Figure 2 shows a typical separation on a column of silica gel of the organic acids from nodules. The figure records the titration and radioactivity for each fraction. Table III suggests that compound X, could be a product whose depletion limits fixation. The percentage of total C14 in fractions 3 to 7 increased but slightly in the roots, whereas it more than doubled in the nodules from day to night. In contrast, malate increased in both the roots and nodules. Citrate, on the other hand, increased in the nodules and decreased in the roots. The fractionation conditions employed were mild enough to preserve pyruvate, but a-ketoglutarate, a compound of comparable stability, was not found.
Fractionation of the amino acids into acidic amino acids and neutral plus basic amino acids with washed columns of Amberlite IR-4B failed to reveal any changes in the distribution of C14 between these fractions from day to night. In all cases the acidic amino acilds carried about 30 % of the total C14 in the amino aci(d fractions. (table IV) . Compotund X6 moved with lactose on paper chromatograms. Mild acid treatment hydrolyzed it to compounds which moved with glucose, xylose and arabinose on chromatograms. All the radioactivity of the compound appeared to be in its hexose. The fact that fructose appeared to increase fixation of N2 more than the other sugars tested (table VI) suggests that it may be used preferentiallv in the nodules. This could explain its apparent absence in the day nodules.
Although the results described here were confirmed qualitatively between two similar experiments carried out at different times, there were distinct quantitative differences between the experiments. Probable inaccuracies in the methods employed include incomplete extraction of the tissues, particularly root tissues, and incomplete separation and re- Materials were separated on columns of Dowex-1 borate and by paper chromatography.
Carbohydrate concentrations were determined with anthrone or orcinol. * X, was polymeric material remaining near the origin of paper chromatograms; Xe apparently was a trisaccharide; X7 and X8 were fast moving hexoses released on the paper chromatograms from polymers recovered from the Dowex-1 column. ** These glucose and fructose fractions were released on the paper chromatograms from polymers recovered from the Dowex-1 column, whereas the other glucose and fructose samples were recovered as such from the Dowex-1 column. *** Material recovered from Dowex-1 borate column but not in specific fractions. covery of sugars on columns of Dowex-1. However, the main cause for variability between experiments probably was the biological variability of the tissues concerned, for the material was taken from the field during two growing seasons. Based on these considerations, the results described here should be taken chiefly as a qualitative indication of the distribution of C14 among the various compounds and the interconversions of the compounds in these tissues.
The demonstration of highly radioactive carbohydrates in the nodules prompted us to investigate their effect upon nitrogen fixation; our earlier work (2, 11) had revealed no compounds which increased fixation. would restore their fixation to a level comparable to that of nodules from plants which had been kept in the light. Neither of these postulates was verified. The maximum increase we observed when carbohvdrates were added to sliced nodules was about 60 %, whereas the decrease in fixation which accompanies slicing is usually two-to five-fold. These observations indicate that factors in addition to the removal of the carbohydrates we have tested from sliced nodules must limit their rate of fixation of N2.
SUMMARY
The root and nodule tissues of soybean plants, whose tops had been exposed to C1402, were examined for the distribution of C14 among their various organic acids, amino acids and carbohydrates, and for the changes occurring in this distribution when the plants were allowed to metabolize the radioactive material during a dark period following the initial light period. During the day, the organic acids of the roots had a higher percentage of the total C14 than did the amino acids; the reverse was true in the nodules. At night, the percentage of total C14 in the organic acids of the roots decreased while it increased markedly in the nodules. Several unidentified acids and sugars were found. The addition of sugars to sliced, excised soybean nodules increased their fixation of N215. The optimal concentrations of sugar were in the range 0.005 to 0.02 M, and glucose, fructose and sucrose had essentially the same enhancing action. The increase did not arise from a prolongation of the period of N2 fixation but rather from a continuous enhancement of fixation throughout the exposure to N215. LITERATURRE CITED
